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THE EFFECTS OF POTASSIUM DEFICIENCY ON
TUMOR-BEARING MICE*
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Many attempts have been made to influence the growth of
tumors by altering the amount or quality of the diet. In the experi-
ments reported here, the effect of eliminating potassium, an element
essential to growth of the body, upon a transplantable carcinoma of
the mouse was investigated.
The results of potassium deprivation have been extensively
studied. Miller10 found that when the potassium content ofthe food
of young rats weighing between 40 and 60 gm. was reduced below
0.1 per cent their growth was greatly retarded. In subsequent
work1' Miller reported that the potassium requirement for the
growth of the male was almost twice that of the female; the amount
required for maintenance of a mature rat was Y8 that of the growing
male. Lesions in the heart and other organs of rats after deprivation
of potassium were described by Schrader, Prickett, and Salmon."3
Thomas, Mylon, and Winternitz"8 found that the myocardial lesions
in the rat depended on an associated deficiency of vitamin B6. No
other anatomical changes were noted by these observers. Chemical
analyses of deficient rats by Heppel' showed marked depletion of
muscle potassium with replacement by sodium; liver, however, was
discovered to be tenadous of its potassium.
Analysis of tumor tissue has shown in general an increase in
potassiumwhich is roughly proportional to the rate of growth."4'6" 19
On the other hand, when normal or malignant cells are deprived of
potassium in vitro they fail to grow.'7 These observations have been
the stimulus to the present work.
Materials and methods
The potassium-free diet: The low-potassium diet was that described by
Heppel, with the following modifications. Sodium was added in the form of
the chloride to make the total salt content equimolar with that of the control
diet. In the control diet, potassium chloride was substituted for potassium
hydrogen phosphate so that the final concentration of potassium in this diet
was 0.55 per cent. During a part of the time when Vitab rice-bran extract
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was unavailable, an extract of brewer's yeast was substituted. This was
treated similarly to the rice-bran material in an attempt to reduce its potassium
content. The control and experimental animals at all times received the same
basic diet.
The food was supplied to the animals in the form of firm but friable cakes
2 cm. thick made by allowing the slightly moist mixture of ingredients to dry.
An attempt was made to have an abundance of diet always available. There
was considerable wastage so that it was necessary to supply each animal with
about 3 gm. of food daily. This held true for animals in both the control
and the experimental groups. Distilled water was supplied at all times.
Mice receiving the basic diet with no added factor other than potassium
thrived for at least five months.
The animals: Mice of the ABC albino strain were used in these experi-
ments. They were kept in groups of four in cylindrical pyrex jars. Monel
metal wire-mesh plat-
COWTSOAT START forms were placed in
--" 0 al AT "STAR O WWOER0FrM11CE > the bottoms of the
jars to prevent contact
with excrement and
X / ¢f' shavings. < U~~~- . / The tumor: Tu-
T4 t t t mor 15091a was the
g#.ocg¢"^"gg CWMGtest obiect. This tumor
__________________________________________ arose, as an adenocar-
OOAY OFEXPX^Mtomam cinoma, in an A-strain
CHART I. Weight curves. mouse of the Bar Har-
bor stock several years
ago. The incidence of successful takes in ABC mice generally exceeds
85 per cent. The tumor in this laboratory has now lost its glandular archi-
tecture and is composed of spindle-shaped cells. In tissue culture the tumor
does not grow in a sheet, like epithelium, but in branching fashion like a sar-
coma. Nevertheless, some epithelial characters are retained, as indicated by
reticulum stains.2
Fragments of the tumor were inoculated into the subcutaneous tissues of
the abdominal wall by means of a trochar. In each experiment pieces of a
single well-preserved young tumor were implanted and groups of control and
experimental mice were alternated during the procedure.
The tumors were measured usually at intervals of from 3 to 5 days. The
dimensions of a tumor were taken with a vernier caliper gauge and their
product was used as a measure of the size of a tumor. When the animals
were killed the tumors were dissected free, three dimensions were obtained,
and the tumors were weighed.
Pathology studies: At necropsy the tissues were fixed in Zenker-acetic
solution for histological examination. Various organs were weighed and por-
tions of some were taken for analysis.
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Analytical methods: The tissues were dried to constant weight in an
oven at 1000 C. Ashing was carried out in silica crucibles in an electric
furnace kept at 500° C. Potassium was
determined according to the method of INCREASE IN AREA OF TUMOR
Harrison and Darrow.8 For sodium 3' CTROL RDT DAY
CONTRtOLS AT START the method of Barber and Kolthoff, as X KfREE AT START
applied by Butler and Tuthill,3 was o
employed.
Observations 0
Experiment I.
In this experiment observations /
were made on the growth of tumor t/
10591a in young animals already INOCULATED
deficient in potassium. The experi- 0 i 2b iS '0 33 35 40 WS
ment divides itself into three signi- DAY OF EXPERIMENT CHART II. Increase in area of tumor to ficant periods. During the first 43rd day.
interval the animals in the experi-
mental group were given the deficient diet.
At the beginning of the second interval the /
animals were injected with tumor. Twenty- 5 /
one days later the diets of the two groups
were interchanged and the animals were 42N¢AY
observed for athird period.
First interval (lst to 21st day).
Ninety-eight healthy mice varying in age 3.
from 90 to 120 days were divided into INCm4AEINoM"P4oR
groups of equal size, which were placed K F ----KFUREATSTART
on the control and potassium-free diets, 2
respectively. Each group consisted of /
males and virgin females in approximately ffI / equal numbers. On the first day of the
experiment the average weights of the
animals in the two groups were about the *,
same (control 20.6 gm., experimental DY OF EXPERIMENT
21.0 gm.A CHART III. Increase in area g* . b*J-of tumor after 43rd day. During this first interval the average
weight of the mice on the potassium-free diet did not vary signifi-
cantly (see Chart I); but those on the control diet gained weight
rapidly, reaching on the 21st day an average weight of 26.5 gm. as
compared with the 20.7 gm. of those on the deficient diet. The fail-
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ure of the mice in the experimental group to gain weight was taken
as evidence ofpotassium deficiency.
Second interval (21st-42nd day). On the 21st day the tumor
was implanted. Its subsequent growth curve is recorded in Charts
II and III. Tumors which ultimately regressed were not included.
These are discussed in a separate section. The earliest tumors
appeared in about equal numbers in both groups and at about the
TABLE 1
TUMOR AREAS
Number of Areas of tumors
Group animals 42nd day t* pt
Control 26 2.03 ±4.21 cm.'
K*low 26 1.37 ±.14 cm.' 2.62 <0.01
* Fisher's "t" factor.7 t Probability of error.
same time. Theproportion of successful implantations was 44 out of
49 in the experimental group and 43 out of 49 in the control group.
The growth of the tumor in the control animals was more rapid
than that in the others. On the 42nd day of the experiment (21
days after inoculation of the tumor) the mean surface area of the
tumor in the control group was significantly greater than that in the
potassium-deficient group (see Table 1).
TABLE 2
SELECTION OF ANIMALS FOR SACRIFICE AT 42ND DAY
Average areaof Average areaof
tumor in group tumor in group
Group as a whole (A) sacrificed (B) Ratio B/A
Control 2.03 cm. 2.57 cm.' 1.27
K low 1.37 cm.! 1.77 cm* 1.29
The animals with the larger tumors in each of the two groups were selected in
such a manner that the ratio of the average area to that of the group as a whole was
approximately the same in each instance. In this way the areas of the tumors of
the surviving animals on the average represented, proportionately, those of the
original groups.
On this 42nd day, 13 animals in the potassium-free group and
14 of the controls were killed. The animals with the larger tumors
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were marked for sacrifice at this time, but this was done in a propor-
tional manner (see Table 2). In this group of 27 animals the dif-
ference of the weights of the tumors in the control and experimental
groups is not as significant statistically as the difference between the
TABLE 3
TUMOR WEIGHTS
Weights oftumorsof
Number of animalssacrificed
Group animas on42nd day S P
Control 14 2.10 + .46 gm.
K low 12 1.08 +.3gm. 2.14 .05
tumor areas in each group as a whole (Table 3). Necropsies and
chemical analyses were made as outlined in the section on methods.
Third interval (42nd-59th day). On the 42nd day the diets
of the two original groups were interchanged. Immediately the
weights of the formerly potassium-free animals rose and those of
the animals now on the deficient diet fell rapidly (Chart I). Dur-
TABLE 4
INCREASE IN MEAN AREA 42ND TO 54TH DAY
Mean area at
beginning of
3rd intera Mean area at
Group (42nd day) 54th day Increase t p
4.28 cm.'
Re-alimented 1.02 cm.2 ( 1 animals) 3.27 + .42 cm.'
Newly K' 3.86cm.' 1.23 >.05
deprived 1.30 cm.' (9 animals) 2.57 ± .39 cm.'
ing the second interval there were only slight deviations from the
weights ofthe animals at thebeginning ofthis period.
The growth curve of the tumors in the re-alimented group now
begins to rise more steeply than that of the newly deficient group.
In fact, on the 54th day the mean area of the tumors in the former
group exceeds that in the latter (see Table 4). These differences
are more striking when the increments in area from the beginning of
the third interval to the 54th day are compared (Table 4). Never-
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theless, this result is only suggestive since it lacks statistical
significance.
These observations indicate that thegrowth rate of tumor 15091a
in ABC albino mice can be reduced by eliminating potassium from
. the diet before inoculation.
Restoration of this element
to these deficient animals s | causes the growth rate of
the tumor to exceed that in
their original controls de-
.4. 21u ST. DAY 43R / DAYprived of potassium at the
CONROL .s5@0" ; same time.
--e"OIVO"6-TLy / Immediately following
3 l is a summary of various
other observations together
with discussion. Then are
2- olarsmI presented data from another
experiment in which other
aspects of th-e problem are
< j !f + ' > ~~~~considered.
TUMORS INOCULATED red. ,;, f "s ^^KRegressions. No regres-
sions were noted in the
ol . ' tumors of the mice origi-
DAY OF EXPERIMENT nally on the potassium-low
CHART IV. Regressions. Solid line represents the diet. There were three re- mean of the tumors in the remaining 12 animals in this ho
group which did not regress. gressions, hwever, in the
group of 15 animals whose
diets were rendered potassium-free, which occurred after this change
in regimen. These are indicated in Chart IV. The association of
the regressions with the change in diet is of interest in connection
with the observation of Tannenbaum."8 He found that the growth
of tumors arising in full-fed animals was retarded when the animals
were subsequently under-fed, but that tumors arising in animals
already under-fed grew at the same rate as the controls. The inci-
dence of spontaneous tumors in Tannenbaum's series was greater in
the full-fed group.
Chemical artlyses
Analyses of muscle, tumor, and liver were made. The results
are summarized in Table 5. Pooled samples were utilized for the
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analyses. Each figure in the table is the result of a duplicate anal-
ysis, except in Experiment I re-alimented originally K+-low group.
Insufficient material was available for accurate analysis of the
re-alimented original control animals. The results, in general, must
be considered as tentative, since it was necessary to employ duplicate
samples as small as .280 gm. of dry tissue in some instances for both
TABLE 5
CHEMICAL ANALYSES
Muscle (perkg. fresh tissue)
Group Water (gm.) Na+ (mM) K' (mM)
Exp. I. K+low 732 64.5 59.0
Control 765 22.3 73.8
Exp. I. Orig. 758 25.1 89.1 (Re-alimented) K' low752.181
K+low 778 56.0 69.3
Exp. IL Control 774 | 25.6 88.3
Exp. I. Liver (per kg. fresh tissue)
Group Water (gm.) Na+ (mM) K' (mM)
K+ low 686 44.8 88.2
Control 710 32.3 80.6
Exp. L. Tumor (per kg. fresh tissue)
K' low 827 47.9 78.7
Control 841 42.5 61.5
the potassium and sodium analyses. Nevertheless, reasonably good
checks were obtained. In confirmation of Heppel's observation, a
very large portion of the potassium of muscle was displaced by
sodium in the deficient animals. The tumor tissue, however, acted
similarly to liver and held its potassium. Upon re-alimentation, the
potassium of the deficient muscle was restored within three weeks.
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Weights of organs
A remarkable increase in the weight of the kidney was observed
in the potassium-deficient animals. The increase in weight per unit
of body weight was much more striking than was the absolute
increase, and is highly significant statistically (see Table 6).
TABLE 6
WEIGHTS OF KIDNEYS
Control KIlow t p
Av. wt. of animals 28.9 19.4
Av. wt. of kidneys .174 .201 2.33 <.04
Kidney wt./body wt. (602 ± 20.3) 105 (I035 ± 44.7) 10-5 8.82 <.01
Av. wt. of livers 1.294 .902 Not significant
Liver wt./body wt. .0447 .0464 Not significant
Number of animals 13 15
Re-limented Re-limented
(Now onK: (Now on
lowdiet) controldiet)
Av. wt. of animals 24.6 27.4
Av. wt. of kidneys .208 .186
Kidney wt./body wt. (843 ± 32.15)10- 0 (682± 22.67)10-i 4.08 < .01
Number of animals 6 9
On the other hand, the ratios of liver weight to body weight
were about the same in the two groups. An analysis of the anatom-
ical and clinical factors underlying the increase in weight of the kid-
ney in the state of potassium deficiency is complicated in animals
bearing tumors. A preliminary presentation of anatomical changes
is made in the next section.
It is interestingto notethat Winters, Smith, and Mendel20 noted
a similar increase in the size of the kidneys of rats on a diet as nearly
deficient in salts as possible. The experiments reported here indicate
that specific deficiency of a single known element can have the same
effect in another species.
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Another possible correlation may be with the observation of
Selye,14 confirmed byPfeiffer, Emmel, and Gardner,'2 that adminis-
tration of testosterone to young male mice produces hypertrophy of
the kidney. The latter workers saw no evidence of hyperplasia, but
attributed the increase in weight of the kidneyto hypertrophy of the
cells throughout the tubules.
Anatomical observations
General appearance. At the time of necropsy of the first group
of-animals before the interchange of diets (42nd day) those of the
low-potassium group seemed in good condition except for a few
which showed anasarca and other evidence of congestive heart fail-
ure. The fat depots were depleted and thymic tissue seemed much
less abundant than in the control animals. There was no evidence
ofdisease ofthelungandthe cranial sinuses did not contain purulent
material.
Histological observations were made of the Zenker fixed tissues
of the animals killed on the 42nd day and of those killed on the
60th day (18 days after the interchange of diets). The latter group
was chosen to see what evidence of healing of possible lesions there
was after re-alimentation. The numbers of animals- examined are
indicated in Table 7.
TABLE 7
ANATOMICAL CHANGES IN THE HEART
No. witlh No. with No. with
Exp. No. of severe mod. severe slight No. with
No. Group animals lesions lesions lesions no lesions
I K+ low diet
for 42 days 10 5 2 3 0
Control diet
for 42 days 5 0 0 0 5
II Control diet
for 21 days 4 0 1 1 2
K' low diet
for 18 days
Control diet
for 39 days 5 0 0 0 5
531YALE JOURNAL OF BIOLOGY AND MEDICINE
Blood. Counts of the red and white blood cells were made in
representative animals from both groups. There was more varia-
tion in the counts of the animals in the low-potassium group (with
theexception ofoneanimal whose countwas 4.46, therange was 6.87
to 13.26; average 8.95) buttheytended in general to be higher than
those ofthe controls (range 6.42 to 11.7; average 8.09). No changes
were noted in the blood smears or in-the total numbers of the
leukocytes.
Tumors. The tumors were remarkably well preserved and
showed, as a rule, only minute disseminated foci of necrosis in the
animals killed on the 42nd day. The histological appearance of the
tumors in the control and experimental groups is similar. Mitoses
are numerous in both and are seen in all stages.
Following the interchange of diets massive necrosis was a strik-
ing feature of the tumors of both groups. Nevertheless, some well-
preserved tumor tissue was noted in each.
Heart. Striking changes, as described by previous observers in
other species, were seen in the hearts of the animals on the potas-
sium-deficient diet. The lesions were equally extensive in those
animals of the potassium-deficient group in which the tumors failed
to take. The lesions consisted of foci of necrosis of the muscle with
zones of replacement of myocardium by loosely arranged cellular
connective tissue containing small numbers of leukocytes, largely of
the lymphocytic and large mononuclear types (Figs. 1 and 2). The
hearts ofthe control animals were entirely free of such changes.
After re-alimentation the heart lesions in the originally potas-
sium-lowgroup showed evidence ofhealing. Theareolar connective
tissue was replaced by more densely arranged scar. There was no
longer evidence ofnecrosis ofthe muscle fibers, and fewer leukocytes
were present (Fig. 3). In the case of those animals which at first
served as controls and which were then deprived of potassium for
18 days thelesions were exceedingly small but were of the same type
as seen in the potassium-deficient animals before re-alimentation.
Voluntary muscle. At the end of the first period, the voluntary
muscle showed no notable changes. Nevertheless, upon re-alimenta-
tion, occasional muscle fibers were seen to have become remarkably
transformed. The well-preserved sarcolemma was distended by an
amorphous granular mass which took the hematoxylin stain (Fig. 4).
Von Kossa stains reveal the presence of calcium in these fibers. They
resemble those in the heart of the potassium-deficient pig, as
described by Thomas, Mylon, and Winternitz."8
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Kidneys. The remarkable absolute and relative increase in the
weights of the kidneys of animals deficient in potassium was corre-
lated anatomically with evidence of increase in the size of the cells
and in hyperplasia. Under moderate magnification it is apparent
that the tubules in the deficient animals have large lumina but that
the lining cells are at least as tall as in the controls (Figs. S and 6).
These changes are most striking in the loops of Henle and in the
collecting tubules and are brought out with great clarity at the apices
ofthe pyramids inthe regions ofthe papillaryducts (Figs. 7 and 8).
The parietal layer of Bowman's capsule is cuboidal, as is common in
the mouse under certain conditions (Crabtree5) but no quantitative
studies were made in the course of the present experiment.
Some tubules in the deficient animals are greatly distended and
are lined by flattened epithelium. The cytoplasm of the cells, par-
ticularly in the loops of Henle, is more coarsely granular in part and
in part more vacuolated than in the control animals. In the papil-
lary ducts the cytoplasm of the columnar cells in some of the low-
potassium animals shows a coarse granularity approaching colloid
change. The nuclei, however, are very well preserved, except in a
few isolated instances where necrosis is in evidence. Here the fibro-
blasts in the interstitium have proliferated and the tissue response
resembles that in the heart, except for the absence ofleukocytes (Fig.
10). It is possible that compression of portions of some tubules by
this process may account for the dilated proximal portions, where
flattening of the lining epithelium has occurred. Mitoses are
numerous, especially in the epithelium of the collecting tubules and
loops of Henle of the deficient animals (Fig. 9), but are exceedingly
rare in the controls. Most of these occur in tubules where there is
no evidence of necrosis. There is no evidence of infection in either
group of animals and there is no cellular exudate. There is no
evidence of hydronephrosis in either group.
When the potassium is restored to the diets of the deficient ani-
mals, some of these changes are resolved. The cytoplasm of the
tubular epithelium becomes less coarse, and thecharacterofthepapil-
lary regionis reversed in comparison with the formercontrol animals
now deprived of potassium. Nevertheless, some tubules remain
dilated and are lined by flattened cells. Certain glomeruli also show
hyaline change and lie within scars embedding small mononuclear
cells. It is probable that these are glomeruli associated with the
dilated tubules just described and that the dilatation of the latter is
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the result of compression by proliferated connective tissue about
partiallynecrotic tubules as seen in the acute stage.
Such proliferated connective tissue is still in evidence in these
re-alimented animals. No such scarred glomeruli are encountered
in the former controls recently rendered deficient before necropsy.
This indicates that a long-standing potassium deficiency is necessary
forproduction oftheselesions and that they are not merely the result
of subsistence for a long time on the basal diet employed in the
experiment.
The changes in the kidney are interpreted in part as those of
hypertrophy and hyperplasia, but there is also evidence of necrosis
of occasional epithelial cells and of colloid change of the cells of the
papillary ducts and of proliferation of the interstitial tissue. The
weight of the organs may also be increased by the apparently greater
capacity of the tubules with their contained fluids. The more severe
effects ofrenal damage and of hyperplasia, however, apparently play
a minor role in the increased weight of the kidney, since by 17 days
after re-alimentation the kidney/body weight ratio is only slighdy
higher than it was in the controls at the beginning of this period.
Histological examination of the pituitary, thyroid, gonads, liver,
spleen, skin, intestines, andbone marrow revealed no changes of note
except for evidences of congestive heart failure in a few of the
potassium-deficient mice.
Experiment II.
The second experiment was designed to determine whether the
growth of an already established tumor could be influenced by creat-
ing a potassium deficiency. At the same time the question concern-
ing regressions raised in the preceding series of observations could
be put to the test with alarger number of animals.
Older animals having an average weight of about 27 gm. were
employed at this time. This was to avoid the disparity in weight of
the groups under test arising from the failure of potassium-deficient
animals to gain, as observed previously (Chart I). It was to be
expected fromtheworkof Miller that such adult animals would suf-
fer relatiyely less from the dietary deficiency in potassium. To test
the effect of the growing tumor on the total weight of the animal,
an additional group of mice without tumors was maintained on a
control diet.
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Accordingly, three groups of animals were selected as follows:
1. 29 mice kept on the control diet and not inoculated with
tumor.
2. 23 mice on the control diet, inoculated with tumor on the
first day.
3. 36 mice inoculated with tumor on the first day and placed on
the potassium-free diet on the twentieth day.
Before this time all groups were maintained on the control diet.
Weights of animals (Chart V). The animals in the first group
(control, no tumor) gained a maximum average weight of 3.5 gm.
aWIGHT$CONW"IMALS The animals that were
inoculated with tumor lost * ^ in weight,-those on the
": ~ - - * ----e potassium-free diet an aver-
* 34 ~o - @ age of 2.15 gm. and those
X F£XPEIEto on the control diet an aver-
MY OF EXMRIM914T age of 0.7 gm.
A ~ In theprecedingexperi-
,- iwEAc-uIN AREAOPTuM ment, after ten days of
6- potassium deficiency there
. v.....1 was an averagedifference of
about 5 gm. between the
.4 # two latter groups. In this
E3- second experiment, how-
i- ever, with the older animals
this difference does not ap-
.I. @pear to be conditioned by
11Eo. ..IM... . potassium deficiency, since
the curves had begun to run
CHART V. Weight curves of animals. Increase in parallel at different levels
area of tumor.
before the diets were
changed (Chart V). The depreciation in weight may in part be
accounted for by infection of the tumor associated with relatively
earlyulceration as compared with the tumors in the first experiment.
The tumors seem to depress the total weight of the mature animal,
whether or not the animal has sufficient potassium in the diet
employed.
The tumor grew more rapidly than in the initial experiment.
The percentage of successful transplantations was higher (95 per
cent). Ulceration appeared earlier and was more extensive than in
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the preceding groups. Again tumors which ultimately regressed or
which ulcerated extensively early in the procedure or which were
gnawed by the animals were not included in the tabulations. Rela-
tively little effect of the potassium deficiency in depressing the
growth curve ofthe tumor was noted in this experiment as compared
with Experiment I. Between the seventh and eleventh days of the
potassium-free diet the growth curves of the tumors in the two
groups cross, that for the tumors of the experimental group losing in
steepness (Chart V). Statistical analysis, however, shows no signifi-
cant difference between the surface areas of the tumors of the two
groups on the eleventh day.
No significant difference was noted in the number of regressions
in these two groups (potassium-free group 3 out of 39 and control
group 3 out of27).
Histological study of the organs (after 18 days of the potassium-
deficient diet) shows only minimal changes in the heart, chiefly in
the form of necrosis and slight replacement with connective tissue.
This is evidence of relatively slight deficiency in potassium as com-
pared with the animals in Experiment I. The anatomical changes
in the kidney also are relatively minor. The weights of these organs
were not obtained in this experiment. The analyses of the organs
also show that the animals in this experiment were relatively less
deficient (see Table 5). This is strikingly brought out by a com-
parison of the Na/K ratios of the muscle tissue in the two experi-
ments. In thefirst, thisratio is 1.18; in Experiment II it is only .808.
It must be noted that the animals were kept on the deficient diet
for only 18 days before autopsy in Experiment II, as compared with
42 days in Experiment I. Another factor tending to make the ani-
mals in the second experiment relatively less deficient is the greater
age ofthe animals, sincetheyounger, growing animals would become
deficient earlier.1' Also, necrotic tumor tissue may act as a source of
potassium and therefore it may be more difficult to deplete animals
with tumors than those without them.
It may be concluded: (1) that there was less evidence of potas-
sium deficiency in this series than in Experiment I; (2) that the
growth rate of established tumors was altered relatively slightly by
eliminating potassium from the diet for a period of 18 days;
(3) that regressions of tumors were not induced by this procedure.
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Discussion
It may be argued that the growth rate of the tumors was
depressed in the potassium deficient mice because of "poor general
condition." The connotations of this phrase are obscure. A few of
the deficient animals were in congestive heart failure as a result of
the lesions in the myocardium, but there was no evidence of infection
in the low-potassium group or of any other factor that would selec-
tively change the status of the animals beyond the simple potassium
deficiency. This is confirmed bythe remarkable effect of re-alimen-
tation when, in Experiment I, the weights of the formerly deficient
animals immediately began to rise and the growth rates of the
tumors increased. For example, two animals whose tumors had
regressed andwhich had been kept on the potassium-low diet for two
months and had reached weights of 18.5 and 20 gm., respectively,
rose to 26 and 27 gm. within five days after the control diet was
supplied.
The relation of the cardiac lesions to vitamin B6 is of interest.
Thomas, Mylon, and Winternitz"8 found that in young rats on a
potassium-deficient diet no heart lesions would result in the presence
of an adequate intake of this vitamin. In the experiments reported
here vitamin B concentrates, treated with alcoholic tartaric acid to
eliminate potassium, were supplied in large amounts. The rapid
growth of the mice on the control diet and the rapid resumption of
growth of the deficient animals immediately upon supplying potas-
sium speak against vitamin deficiency.
Summary and conclusions
The growth of tumor 15091a in ABC albino mice deficient in
potassium is significantly retarded in comparison with its growth in
controls.
Large rapidly growing tumors are not significantly influenced in
their growth by removing potassium from the diet.
Evidence of potassium deficiency is (1) cessation of gain in
weight; (2) increase in the weight of the kidney associated with
hypertrophy and proliferation ofthe epithelium of the tubules, focal
increase in interstitial connective tissue associated with necrosis of
isolated epithelial cells, and dilatation of the tubules; (3) striking
reduction of the potassium and increase of sodium in voluntary
musclewithoutsignificant change in liver or tumortissue; (4) necro-
sis of cardiac muscle and replacement by granulation tissue.
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Upon re-alimentation young animals resume growth, the cardiac
lesions tend to heal by scarring, the kidney approaches its normal
weight and appearance, and the chemical structure of the muscle is
restored.
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FIG. 1. Mouse Cl. K+ low diet. Heart (x 135). Necrosis and granulation tissue.
FIG. 2. Mouse Cl. K+ low diet. Heart (x 350). Granulation tissue beneath endocardium.
FIG. 3. Mouse A3. Re-alimented (originally K+ low). Heart (x 135). Subendocardial and
myocardial scar.
FIG. 4. AMouse L3. Re-alimented (originally K+ low). Striated muscle (x 130). Calcification
of fiber.FIG. 5. Mouse T4. Control diet. Kidney (x 45). Typical renal architecture.
FIG. 6. Mouse Is. K+ low diet. Kidney (x 45). Altered epithelial cells and enlarged tubules.
FIG. 7. Mouse N1. Control diet. Papillary ducts. (x 125).
FIG. 8. Mouse C3. K+ low diet. Increase in height of cel!s lining papillary ducts. (x 125).
It fl,
.4 -Nic-f i -,
1 k.14
"f .:4:
410, E.
.. I 't .. V...1_ lo,.: 11>::F X_IF _.
FIG. 9. Mouse C3. K+ low diet. Mitoses in renal epithelial cells (x 375).
FIG. 10. Mouse E1. Re-alimented (originally K+ low). Kidney (x 275). Proliferation of
interstitial connective tissue.
FIG. 11. Mouse A1. Re-alimented (originally K+ low). Kidney (x 310). Cortical scar.